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1
APPARATUS FOR REFUELING AIRCRAFT

BACKGROUND INFORMATION

1. Field

The present disclosure relates generally to aircraft and, in
particular, to a method and apparatus for refueling aircraft.
Still more particularly, the present disclosure relates to a
method and apparatus for controlling the refueling of aircraft
and increasing the rate at which refueling may be accom-
plished.

2. Background

Commercial aircraft and military aircraft may be refueled
in between flights on ground, while at airport terminals, and/
or at other locations within an airport or airfield. These air-
craft are refueled by a fuel delivery system such as, for
example, without limitation, an airport hydrant system, a
tanker truck, and/or some other type of fuel delivery system.
In addition, aircraft are also refueled in flight by aerial refu-
eling tankers. These fuel delivery systems send fuel into fuel
tanks in an aircraft through an aircraft refueling system. An
aircraft refueling system includes a refueling manifold that
distributes fuel to the fuel tanks. The refueling manifold is
typically located within the wing structure of an aircraft. In
some cases, the refueling manifold may extend to fuel tanks
located within the fuselage and/or in the tail of the aircraft.
The refueling manifold may have a number of branches that
extend from the refueling manifold to a number of individual
fuel tanks.

The aircraft fuel tanks may also include a fuel vent system,
also referred to as a vent system. This vent system regulates
pressure within the fuel tanks. During overfill conditions,
fuel, gas, and/or vapors may pass through the fuel vent system
to an overfill tank and/or overboard from the aircraft. The
overfill tank is a tank where fuel overfill may flow before
exiting an aircraft.

Currently, refueling of larger commercial and/or military
aircraft can take longer intervals of time than desired. For
example, a large air transport aircraft can hold up to around
50,000 gallons of fuel to around 60,000 gallons of fuel. Refu-
eling of this aircraft can take over around an hour at lower
refueling pressures even at several hundreds of gallons per
minute.

Longer refueling times may cause aircraft to occupy air-
port terminals for longer durations. Longer refueling times
may also cause longer turnaround times of aircraft and
increased delays at airports. Further, longer turnaround times
and increased delays may increase airport congestion. This
airport congestion can increase carbon emissions at an airport
and decrease airport safety.

Further, with aerial refueling, longer refueling times lead to
longer intervals of time of physical contact between a receiver
aircraft and a refueling boom on an aerial refueling tanker.
The longer intervals of time of physical contact between the
aerial refueling tanker and the receiver aircraft may increase
the risk to both aircraft.

Factors that influence refueling times include refueling
quantity, refueling rates, and the amount of fuel remaining
from a previous flight or in reserve. The upper limits of
aircraft refueling rates may depend on protection of the limits
of tank bottom pressure during an overfill condition. Protec-
tion of the limits of tank bottom pressure, in turn, is dependent
on the venting capacity of the vent system to flow fuel. The
upper limits of aircraft refueling rates may also depend on the
limiting of flow velocities of fuel entering the refueling tanks.
For example, limiting flow velocities may limit or prevent
electrostatic charge.
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Tank bottom pressure is the pressure that is present at the
bottom of a fuel tank in the aircraft. The tank bottom pressure
limit is the structural limit selected for the fuel tank or wing
structure of an aircraft to avoid undesired changes to the
structure of the fuel tank or elsewhere in the wing. The tank
bottom pressure is highest during an overfill condition due to
fuel static head pressure and back pressure. The back pressure
is due to fuel flow losses through the vent system as fuel flows
to an overfill tank and/or overboard. Tank bottom pressure
limits are protected by limiting the refueling rate for each fuel
tank to a rate that can flow through the vent system and
overboard without producing an undesired increase in back
pressure in the tank.

Therefore, it would be advantageous to have a method and
apparatus for refueling an aircraft that takes into account one
or more of the issues discussed above, as well as possibly
other issues.

SUMMARY

In one advantageous embodiment, an apparatus comprises
arefueling system for a number of fuel tanks, a primary valve,
and a secondary valve. The refueling system has branches
capable of distributing fuel into the number of fuel tanks. The
primary valve is associated with a primary branch in the
branches. The primary valve and the secondary valve are
independently controlled to change a distribution of the fuel
through the branches into the number of fuel tanks.

In another advantageous embodiment, a refueling system
for an aircraft comprises a primary fuel distribution system, a
primary valve, a secondary fuel distribution system, and a
secondary valve. The primary fuel distribution system com-
prises a primary branch and a number of branches connected
to the primary branch. The primary valve is associated with
the primary branch. The secondary fuel distribution system
comprises a secondary branch with a first end connected to
the primary branch in a location downstream from the pri-
mary valve associated with the primary branch and upstream
from an opening in the primary branch. The secondary valve
is associated with the secondary branch and is controlled
independently of the primary valve.

In yet another advantageous embodiment, a method is
present for refueling a vehicle. Fuel is sent at a first rate into
a refueling system connected to a number of fuel tanks. The
refueling system comprises branches capable of distributing
the fuel into the number of fuel tanks, a primary valve, and a
secondary valve. The primary valve is associated with a pri-
mary branch in the branches. The primary valve controls a
distribution of the fuel at a first rate through the branches. The
secondary valve is associated with a secondary branch in the
branches and controls a distribution of the fuel ata second rate
through at least a portion of the branches. The primary valve
and the secondary valve are independently controlled to
change the distribution of the fuel through the branches into
the number of fuel tanks. The secondary valve is used to
change the first rate to a second rate in response to a number
of conditions.

The features, functions, and advantages can be achieved
independently in various embodiments of the present disclo-
sure or may be combined in yet other embodiments in which
further details can be seen with reference to the following
description and drawings.
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3
BRIEF DESCRIPTION OF THE DRAWINGS

The novel features believed characteristic of the advanta-
geous embodiments are set forth in the appended claims. The
advantageous embodiments, however, as well as a preferred
mode of use, further objectives, and advantages thereof, will
best be understood by reference to the following detailed
description of an advantageous embodiment of the present
disclosure when read in conjunction with the accompanying
drawings, wherein:

FIG. 1 is a diagram illustrating an aircraft manufacturing
and service method in accordance with an advantageous
embodiment;

FIG. 2 is a diagram of an aircraft in which an advantageous
embodiment may be implemented;

FIG. 3 is a diagram of a refueling environment in accor-
dance with an advantageous embodiment;

FIG. 4 is a diagram illustrating an arrangement of fuel
tanks in accordance with an advantageous embodiment;

FIG. 5 is a cross-sectional top view of a portion of a fuel
tank and a refueling system in a wing in accordance with an
advantageous embodiment;

FIG. 6 is a cross-sectional top view of a portion of a tank
and a refueling system in a wing in accordance with an advan-
tageous embodiment;

FIG. 7 is a cross-sectional top view of a portion of a fuel
tank and a refueling system in a wing in accordance with an
advantageous embodiment;

FIG. 8 is a cross-sectional top view of a portion of a fuel
tank and a refueling system in a wing in accordance with an
advantageous embodiment;

FIG. 9 is a cross-sectional top view of a portion of a fuel
tank and a refueling system in a wing in accordance with an
advantageous embodiment;

FIG. 10 is a cross-sectional top view of a portion of a fuel
tank and a refueling system in a wing in accordance with an
advantageous embodiment;

FIG. 11 is a cross-sectional top view of a portion of a fuel
tank and a refueling system in a wing in accordance with an
advantageous embodiment; and

FIG. 12 is a flowchart of a process for performing a refu-
eling operation in accordance with an advantageous embodi-
ment.

DETAILED DESCRIPTION

Referring more particularly to the drawings, embodiments
of the disclosure may be described in the context of aircraft
manufacturing and service method 100 as shown in FIG. 1
and aircraft 200 as shown in FIG. 2. Turning first to FIG. 1, a
diagram illustrating an aircraft manufacturing and service
method is depicted in accordance with an advantageous
embodiment. During pre-production, exemplary aircraft
manufacturing and service method 100 may include specifi-
cation and design 102 of aircraft 200 in FIG. 2 and material
procurement 104.

During production, component and subassembly manufac-
turing 106 and system integration 108 of aircraft 200 in FIG.
2 takes place. Thereafter, aircraft 200 in FIG. 2 may go
through certification and delivery 110 in order to be placed in
service 112. While in service by a customer, aircraft 200 in
FIG. 2 is scheduled for routine maintenance and service 114,
which may include modification, reconfiguration, refurbish-
ment, and other maintenance or service.

Each ofthe processes of aircraft manufacturing and service
method 100 may be performed or carried out by a system
integrator, a third party, and/or an operator. In these examples,
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the operator may be a customer. For the purposes of this
description, a system integrator may include, without limita-
tion, any number of aircraft manufacturers and major-system
subcontractors; a third party may include, without limitation,
any number of venders, subcontractors, and suppliers; and an
operator may be an airline, leasing company, military entity,
service organization, and so on.

With reference now to FIG. 2, a diagram of an aircraft is
depicted in which an advantageous embodiment may be
implemented. In this example, aircraft 200 is produced by
aircraft manufacturing and service method 100 in FIG. 1 and
may include airframe 202 with a plurality of systems 204 and
interior 206. Examples of systems 204 include one or more of
propulsion system 208, electrical system 210, hydraulic sys-
tem 212, environmental system 214, and fuel system 216.
Any number of other systems may be included. Further, each
system may be comprised of any number of subsystems. For
example, without limitation, fuel system 216 may include
refueling system 218 and venting system 220. Although an
aerospace example is shown, different advantageous embodi-
ments recognize that the embodiments may be applied to
other industries, such as the automotive industry.

Apparatus and methods embodied herein may be
employed during any stage of aircraft manufacturing and
service method 100 in FIG. 1. For example, components or
subassemblies produced in component and subassembly
manufacturing 106 in FIG. 1 may be fabricated or manufac-
tured in a manner similar to components or subassemblies
produced while aircraft 200 is in service 112 in FIG. 1.

Also, one or more apparatus embodiments, method
embodiments, or a combination thereof may be utilized dur-
ing production stages such as, for example, without limita-
tion, component and subassembly manufacturing 106 and
system integration 108 in FIG. 1. Similarly, one or more of
apparatus embodiments, method embodiments, or a combi-
nation thereof may be utilized while aircraft 200 is in service
112 or during maintenance and service 114 in FIG. 1.

For example, one or more advantageous embodiments may
be implemented during component and subassembly manu-
facturing 106 in a refueling system for aircraft 200. Other
advantageous embodiments may be implemented during
maintenance and service 114 as a modification, reconfigura-
tion, or some other change to a refueling system for aircraft
200.

The different advantageous embodiments recognize and
take into account a number of different considerations. For
example, the different advantageous embodiments recognize
and take into account that it is desirable to decrease the
amount of time needed to refuel aircraft. This reduction in
time may decrease the turnaround time of commercial air-
craft. As a result, more flights may be made by an aircraft
and/or additional aircraft may be serviced at a particular gate
or location.

The different advantageous embodiments recognize and
take into account that currently existing solutions for increas-
ing refueling rates and decreasing refueling times may be too
expensive, complex, and/or time-consuming. One solution
may involve increases in refueling rates by adding an addi-
tional refueling valve and branch into a fuel tank. However,
the mechanism to operate that additional valve cannot be the
same mechanism used to operate the existing valve. Having
the same mechanism for both valves may limit the overall
refueling rates through the valves to the same rates as without
the additional valve.

For example, if an additional valve and branch are added to
afuel system but controlled by the same control input such as,
for example, fuel quantity, that operates the existing valves,
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the control input may be unavailable or may incorrectly indi-
cate the amount of fuel for the entire tank. As aresult, all of the
valves may stay open, resulting in an overfill or over-pressur-
ization of the tank.

The different advantageous embodiments also recognize
that the sizing of the openings or orifices for these valves may
be selected such that the fuel rates are no greater than with the
original two valves. As a result, increased refueling rates are
notachieved. In the different advantageous embodiments, the
openings for the valves are internal openings or restrictions
within the branches.

The different advantageous embodiments recognize that
another solution may involve changing the design of the vent
system to increase fuel tank venting and overtlow capacity.
The different advantageous embodiments also recognize and
take into account that this type of change may have disadvan-
tages.

For example, the venting capacity may be limited, and
identifying additional venting capacity may be difficult and/
or expensive. For example, the structure of stringers in the
wing may be such that additional capacity for venting fuel
may be unavailable. Further, utilizing additional venting
capacity may produce undesirable results such as, for
example, increased weight, structural penetrations, and/or
other undesirable results. Further, retrofitting an aircraft to
include these changes may be expensive and require large
amounts of aircraft down time.

The different advantageous embodiments also recognize
and take into account that the refueling system in an aircraft
may be controlled to lower pressures with restrictions or
openings in the valves and/or branches resized based on those
lower pressures. For example, currently used refueling sys-
tems may have openings associated with each of the valves
that take into account an overflow condition at around 50 or
55 pounds-force per square inch gauge. In practice, however,
the pressure may often be limited to a reduced maximum fuel
pressure delivered by the refueling truck or fuel hydrant sys-
tem.

The different advantageous embodiments further recog-
nize and take into account that operating a fuel system at
reduced pressures may cause around a two-fold reduction in
the refueling rate. This reduction may be caused by the
reduced pressure and flow of fuel. Further, the maximum fuel
pressure limit may result in a more restrictive opening size
that may lower refueling rates even more. For example, if the
openings are sized for overfill at a maximum fueling pressure
of around 45 pounds-force per square inch gauge with these
types of refueling systems and the actual fueling pressure is at
around 35 pounds-force per square inch gauge, the refueling
rate will be higher than if the openings had been sized for
overfill at 55 pounds-force per square inch gauge.

The different advantageous embodiments also recognize
and take into account that although this type of refueling
system may be theoretically practical, the implementation
may be difficult. For example, not all aircraft are the same
model and may not have the same limitations. Obtaining a
certification limit for a level other than what is used in the
industry may have certification problems.

The different advantageous embodiments also recognize
that the wing structure may be designed to handle higher tank
bottom pressures to provide a capability to handle higher
overflow rates. This type of change, however, may have
weight increases and costs that may be undesirable.

The different advantageous embodiments also recognize
and take into account that a control system is used to control
the opening and closing of the valves. The valves may be
controlled to close or restrict the openings associated with the
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valves at a higher pressure level that reduces the possibility of
an undesired increase in bottom pressure during a vent over-
flow condition.

Thus, the different advantageous embodiments provide a
method and apparatus for refueling an aircraft. In one advan-
tageous embodiment, an apparatus comprises a refueling sys-
tem for a number of fuel tanks, a primary valve, and a sec-
ondary valve. The refueling system has branches capable of
distributing fuel into the number of fuel tanks. The primary
valve is associated with a primary branch in the branches. The
primary valve and the secondary valve are independently
controlled to change a distribution of the fuel through the
branches into the number of fuel tanks.

In another advantageous embodiment, a refueling system
for an aircraft comprises a primary fuel distribution system, a
primary valve, a secondary fuel distribution system, and a
secondary valve. The primary fuel distribution system com-
prises a primary branch and a number of branches connected
to the primary branch. The primary valve is associated with
the primary branch. The secondary fuel distribution system
comprises a secondary branch with a first end connected to
the primary branch in a location downstream from the pri-
mary valve associated with the primary branch and upstream
from an opening in the primary branch. The secondary valve
is associated with the secondary branch and is controlled
independently of the primary valve.

In one or more of the different advantageous embodiments,
the second fuel distribution system branches or extends from
the first fuel distribution system to provide increased fuel
distribution. A secondary valve is included in a second fuel
distribution system to control the shutoff in the secondary
branch. This control is performed independently of the con-
trol mechanism for the primary fuel distribution system in
these illustrative examples.

In yet other advantageous embodiments, a primary valve
and a secondary valve are included in the primary fuel distri-
bution system. The primary valve and the secondary valve are
used to independently control the primary fuel distribution
system in these illustrative examples.

Turning now to FIG. 3, a diagram of a refueling environ-
ment is depicted in accordance with an advantageous embodi-
ment. Refueling environment 300 may be implemented in
vehicle 302. In these illustrative examples, vehicle 302 may
take the form of aircraft 304. Aircraft 304 may be imple-
mented using aircraft 200 in FIG. 2.

In these illustrative examples, aircraft 304 has number of
tanks 306 that may be located in number of wings 308. Num-
ber of tanks 306 may be refueled using refueling system 310.
Refueling system 310 is comprised of manifold 311, branches
312, and valves 313. Fuel is sent into aircraft 304 through
manifold 311. In these examples, manifold 311 may be a
conduit or anumber of conduits capable of distributing fuel to
number of tanks 306 through branches 312.

Branches 312 may be connected to manifold 311 either
directly and/or indirectly. In these illustrative examples,
branches 312 may be arranged in a tree-type configuration. In
other words, one end of a branch may extend from another
branch in this configuration. Further, branches 312 in refuel-
ing system 310 may be organized or grouped into primary
fuel distribution system 316 and secondary fuel distribution
system 318 in the depicted examples.

In these illustrative examples, primary fuel distribution
system 316 includes primary branch 315 and number of
branches 320 in branches 312 and primary valve 322 in num-
ber of valves 321 in valves 313. Primary branch 315 has one
end connected to manifold 311 and another end that directly
distributes fuel 314 into one of number of tanks 306. Number
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of branches 320 may be connected to primary branch 315.
Further, in these examples, number of branches 320 may be
capable of distributing fuel 314 directly or indirectly into one
of number of tanks 306.

Primary valve 322 is a valve in number of valves 321
associated with primary branch 315. In these illustrative
examples, a valve is associated with a branch by being located
at one end of a branch or by being located at a part of the
branch between the ends of the branch.

Secondary fuel distribution system 318 may have second-
ary branch 317 and number of branches 324 in branches 312
and number of valves 325 in valves 313. Secondary branch
317 has one end connected to primary branch 315. In one or
more of the advantageous embodiments, secondary branch
317 has another end that directly distributes fuel 314 into
number of tanks 306. In other examples, secondary branch
317 may have both ends connected to primary branch 315.

Number of branches 324 may be connected to secondary
branch 317. Further, in these examples, number of branches
324 may be capable of distributing fuel 314 directly or indi-
rectly into number of tanks 306. In these illustrative
examples, secondary valve 326 in number of valves 325 is a
valve associated with secondary branch 317.

In these examples, primary valve 322 is controlled by
control system 328, while secondary valve 326 is controlled
by control system 330. In other words, primary valve 322 and
secondary valve 326 are controlled independently of each
other. In this manner, number of valves 325 may be operated
based on conditions that may be different from those used to
operate number of valves 321.

In these illustrative examples, control systems 328 and 330
may take into account at least one of conditions 333 to control
number of valves 321 and number of valves 325. In these
illustrative examples, conditions 333 may include fuel flow
334, fuel level 336, time interval 337, fuel pressure 338,
and/or other suitable factors. In these illustrative examples,
fuel level 336 may be a level of fuel based on a volume of the
fuel, a mass of the fuel, and/or a height of the fuel in number
of tanks 306. Further, fuel pressure 338 may be the pressure
level of fuel 314, gases, and/or vapors.

Asusedherein, the phrase “atleast one of””, when used with
a list of items, means that different combinations of one or
more of the listed items may be used and only one of each item
in the list may be needed. For example, “at least one of item
A, item B, and item C” may include, for example, without
limitation, item A or item A and item B. This example also
may include item A, item B, and item C or item B and item C.

In the illustrative examples, control system 328 and control
system 330 may each be a single component or input signal
capable of controlling a number of different valves. In these
illustrative examples, control systems 328 and 330 may
include, for example, without limitation, a control signal or
input, an actuator or actuation system, a control device or
mechanism, and/or some other suitable control system. Num-
ber of valves 321 is controlled independently from number of
valves 325. In addition, valves within number of valves 321
and valves within number of valves 325 may be controlled
independently of other valves. In other words, the different
valves may be controlled to change the amount of fuel flow
based on conditions that may be different from those used to
control other valves.

Control system 328 and control system 330 may take vari-
ous forms. For example, control system 328 and control sys-
tem 330 may be implemented using a number of fuel level
sensors. These fuel level sensors may be mechanical and/or
electromechanical systems. For example, the fuel level sen-
sors may identify the fuel level in the fuel tank and transmit an
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electrical signal over a wire connected to a valve. Other types
of sensors such as, for example, without limitation, pressure
sensors, timers, and/or other suitable sensors may be used for
control systems 328 and/or 330.

In other advantageous embodiments, the control system
may include a float operated fuel level control valve having a
flow line connected to the valve to control the valve. As the
fuel flows through refueling system 310 into number of tanks
306, fuel may travel through the flow line to the float operated
fuel level control valve under a certain amount of fuel pres-
sure. When a certain fuel level is reached, a float is actuated to
block the flow of fuel through the float operated fuel level
control valve. This back up of fuel causes the fuel pressure in
the flow line to increase. The pressurization in the flow line, in
turn, causes pressurization of the valve actuation mechanism.
This pressurization causes the valve to close. Of course, any
type of control system may be used, depending on the par-
ticular implementation.

In these illustrative examples, valves 313 may take various
forms. For example, primary valve 322 may be implemented
using shutoff valve 340. Secondary valve 326 in number of
valves 325 may be implemented using shutoff valve 340,
variable opening valve 342, and/or any other suitable type of
valve. Shutoff valve 340 has an on and off state. Variable
opening valve 342 has opening 344, which has number of
sizes 346 between fully open position 348 and fully closed
position 350. In some examples, variable opening valve 342
may not have fully closed position 350.

In these illustrative examples, secondary fuel distribution
system 318 may be added to primary fuel distribution system
316 to provide an extension that may allow for quicker refu-
eling rates as compared to when secondary fuel distribution
system 318 is not used. Further, the independent control
valves within primary fuel distribution system 316 and sec-
ondary fuel distribution system 318 may allow for increased
fueling rates as compared to currently available refueling
systems.

Inthis illustrative example, primary valve 322 in number of
valves 321 is associated with primary branch 315 in number
of branches 320 for primary fuel distribution system 316.
Primary valve 322, by being associated with primary branch
315, may be located at any portion of primary branch 315. In
these examples, primary valve 322 may have opening 319
associated with primary valve 322. Opening 319 may be at a
location in primary branch 315 downstream from primary
valve 322.

In these illustrative examples, the term downstream refers
to a position in a direction of the flow of fuel 314. For
example, a location downstream of primary valve 322 is a
location away from primary valve 322 in the direction of the
flow of fuel 314.

Inthese examples, opening 319 may be an internal opening
within primary branch 315. In other words, opening 319 may
be an internal restriction within primary branch 315. Opening
319, in this example, may be an opening of fixed size. For
example, without limitation, opening 319 may be formed by
the placement of a plate with an orifice in primary branch 315.

An orifice plate may provide a fixed size opening for a
valve. The fixed size may be selected based on a maximum
amount of fuel flow allowable through primary fuel distribu-
tion system 316. The maximum allowed fuel flow may be a
limit of fuel flow to prevent tank overpressure conditions
from occurring during overfill. For example, a fuel pressure
greater than the maximum allowed fuel pressure may lead to
undesired fuel flow rates and venting of fuel 314 through
venting system 335 beyond a venting capacity. In these
examples, the fuel pressure may be the fuel delivery pressure.
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Venting of fuel 314 through venting system 335 may result
in undesired flow losses through venting system 335. These
undesired flow losses may result in undesired increases in
tank bottom pressure during the overfill condition. Accord-
ingly, the capacity of venting system 335 may limit refueling
rates at the maximum allowed fuel pressure.

Secondary valve 326 in number of valves 325 is associated
with secondary branch 317 in secondary fuel distribution
system 318. Secondary valve 326, by being associated with
secondary branch 317, may be located at any portion of sec-
ondary branch 317. Further, secondary branch 317 may have
one end connected to primary branch 315 downstream of
primary valve 322 and upstream of opening 319 associated
with primary valve 322. In these examples, the term upstream
refers to a position in a direction against the flow of fuel 314.
For example, a location upstream of opening 319 is a location
away from opening 319 in a direction against the flow of fuel
314.

In this illustrative example, secondary valve 326 may be
controlled independently from primary valve 322 to provide
increased rates of fuel distribution into number of tanks 306
as compared to currently used refueling systems. In currently
used refueling systems, refueling rates may not be higher than
the rates allowed by the maximum allowed fuel pressure and
venting capacity of venting system 335. The use of secondary
valve 326 with secondary fuel distribution system 318 pro-
vides additional flow of fuel 314. This additional flow allows
refueling system 310 to surpass the refueling rate limits
imposed by the flow capacity of venting system 335.

In other advantageous embodiments, refueling system 310
may have only primary fuel distribution system 316. In these
examples, primary fuel distribution system 316 may include
secondary valve 327 in addition to primary valve 322. Sec-
ondary valve 327 may be associated with primary branch 315.
Further, secondary valve 327 may take the place of opening
319 for primary valve 322 and may be at a location down-
stream from primary valve 322.

In these examples, secondary valve 327 may take the form
of shutoff valve 340, variable opening valve 342, and/or some
other type of valve. Secondary valve 327 may be controlled
by control system 351 independently of primary valve 322.
Control system 351 may be a control system similar to control
systems 328 and 330. In these examples, control system 351
may control secondary valve 327 based on at least one of
conditions 333.

In these illustrative examples, refueling system 310 may
deliver fuel 314 to number of tanks 306 at refueling rate 341.
The refueling of any of number of tanks 306 may be a two-
stage process. In the first stage, primary valve 322 may con-
trol refueling rate 341 for refueling system 310 in both pri-
mary fuel distribution system 316 and secondary fuel
distribution system 318. Primary valve 322 with opening 319
offixed size may cause fuel 314 to be delivered at first rate 343
in the first stage. In this first stage, fuel 314 may be delivered
to the tank through both primary branch 315 and secondary
branch 317.

As a selected condition occurs, secondary valve 326 may
be used to adjust the flow of fuel 314 through secondary valve
326. This adjustment may change the combined fuel flow
through primary branch 315 and secondary branch 317 to
second rate 345. Second rate 345 may be a higher rate or
lower rate than first rate 343, depending on the change to
secondary valve 326.

For example, a closing of or a decrease in the size of an
opening for secondary valve 326 restricts the flow of fuel 314
through the corresponding secondary branch 317. This
restriction of flow results in a lower rate for second rate 345.
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An opening of or an increase in the size of an opening for
secondary valve 326 results in a higher rate for second rate
345. In a similar manner, secondary valve 327 may also be
used to change refueling rate 341 from first rate 343 to second
rate 345.

Changes in secondary valve 326 may change refueling rate
341 by changing the flow rate within secondary fuel distribu-
tion system 318. The flow rate within primary fuel distribu-
tion system 316 may remain the same with changes in sec-
ondary valve 326. On the other hand, changes in secondary
valve 327 will result in a change in the flow rate for primary
fuel distribution system 316 downstream from secondary
valve 327 when secondary valve 327 is placed in line in
primary branch 315 of primary fuel distribution system 316.

The illustration of refueling environment 300 in FIG. 3 is
not meant to imply physical or architectural limitations to the
manner in which different advantageous embodiments may
be implemented. Other components in addition to and/or in
place of the ones illustrated may be used. Some components
may be unnecessary in some advantageous embodiments.
Also, the blocks are presented to illustrate some functional
components. One or more of these blocks may be combined
and/or divided into different blocks when implemented in
different advantageous embodiments.

For example, in some advantageous embodiments, addi-
tional fuel distribution systems, in addition to secondary fuel
distribution system 318, may be attached to primary fuel
distribution system 316. In yet other advantageous embodi-
ments, additional fuel distribution systems may be connected
to manifold 311 with a similar configuration used with pri-
mary fuel distribution system 316 and secondary fuel distri-
bution system 318.

In some advantageous embodiments, a plurality of primary
valves similar to primary valve 322 associated with a plurality
of primary branches similar to primary branch 315 feeding
one of number of tanks 306 may each be employed in com-
bination with secondary valves and secondary branches simi-
lar to secondary valve 326 and secondary branch 317. These
additional valves and branches may be used to achieve multi-
rate fueling of the tank in number of tanks 306.

In still other advantageous embodiments, additional valves
may be used to control additional branches within primary
fuel distribution system 316 and/or secondary fuel distribu-
tion system 318. In some advantageous embodiments, fuel
314 may be distributed to number of tanks 353 in fuselage 355
of aircraft 304 and/or number of tanks 357 in tail 359 of
aircraft 304.

In some advantageous embodiments, multi-rate fueling
may be employed in one of number of tanks 306 that is
significantly larger than other tanks in number of tanks 306 to
improve the overall fuel flow rate into that larger tank. This
improvement reduces overall fueling time for all of number of
tanks 306.

Turning now to FIG. 4, a diagram illustrating an arrange-
ment of fuel tanks is depicted in accordance with an advan-
tageous embodiment. In this illustrative example, wing 400 is
illustrated for an aircraft such as, for example, aircraft 200 in
FIG. 2 or aircraft 304 in FIG. 3. In this illustrative example,
wing 400 contains left fuel tank 402, center fuel tank 404, and
right fuel tank 406. Of course, in other advantageous embodi-
ments, other numbers of fuel tanks may be present in the
wing, the fuselage, and/or the tail of the aircraft. Fuel may be
placed into these tanks using refueling system 407.

In these illustrative examples, fuel may be sent from refu-
eling station 401 into manifold 420. Manifold 420 is a conduit
that provides for the distribution of fuel in fuel system 407.
Primary branches 422, 424, 426, 428, 430, and 432 are con-
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nected to manifold 420 and also provide for the distribution of
fuel into left fuel tank 402, center fuel tank 404, and right fuel
tank 406.

In these examples, primary branches 422, 424, 426, 428,
430, and 432 are associated with primary valves 408, 410,
412, 414, 416, and 418, respectively. Primary valves 408,
410, 412, 414, 416, and 418, along with the restrictions and
openings of corresponding primary branches 422, 424, 426,
428, 430, and 432, provide for the distribution of fuel through
primary branches 422, 424, 426, 428, 430, and 432 at a
particular flow rate. Further, these primary valves take the
form of shutoff valves with an on and off state. The shutoff
valves permit refuel shutoff at desired quantities for left fuel
tank 402, center fuel tank 404, and right fuel tank 406.

In these illustrative examples, section 434 in center fuel
tank 404 is shown in more detail with different configurations
for refueling system 407 in FIGS. 5-11. The use of identical
reference numerals in FIGS. 5-11 represents the same or
identical components being present in the different illustra-
tive examples.

Turning now to FIG. 5, a cross-sectional top view of a
portion of a fuel tank and a refueling system in a wing is
depicted in accordance with an advantageous embodiment. In
this illustrative example, a more detailed illustration of sec-
tion 434 for center fuel tank 404 is depicted in accordance
with an advantageous embodiment.

In this illustrative example, refueling system 407 includes
primary fuel distribution system 500 and secondary fuel dis-
tribution system 502. As depicted, primary fuel distribution
system 500 is formed by primary branch 426, primary valve
412 associated with primary branch 426, branch 504, branch
506, branch 508, and branch 510. Primary branch 426 has one
end connected to manifold 420 and one end that directly
distributes fuel into center fuel tank 404. Branches 504-510
are connected to and extend from primary branch 426 to
distribute fuel. Secondary fuel distribution system 502 is
formed by secondary branch 512 and secondary valve 520
associated with secondary branch 512. Secondary branch 512
has both ends connected to primary branch 426 in this
example.

In other advantageous embodiments, other numbers of
branches may be present for primary fuel distribution system
500 and/or secondary fuel distribution system 502. For
example, without limitation, primary fuel distribution system
500 may have primary branch 426 with no branches con-
nected, ten branches connected, or some other number of
branches connected to primary branch 426. In other
examples, secondary branch 512 may have a number of
branches extending from secondary branch 512 downstream
of secondary valve 520.

In these illustrative examples, opening 516 is associated
with primary valve 412. Opening 516 may be any opening in
primary branch 426 of equal or smaller size than primary
branch 426. For example, without limitation, opening 516
may be formed with an orifice plate with a fixed size opening.
Opening 516 may be sized for a vent overfill condition at the
maximum allowed fueling pressure.

In these examples, primary valve 412 regulates the fuel
flow rate through primary fuel distribution system 500. Pri-
mary valve 412 also controls the fuel flow rate through sec-
ondary fuel distribution system 502 when secondary valve
520is fully open. At lower fueling pressures, the fuel flow rate
through primary fuel distribution system 500 downstream of
location 515 may be a reduced fuel flow rate. This lower fuel
flow rate may be due to the fixed size of opening 516 associ-
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ated with primary valve 412. At higher fueling pressures, the
fuel flow rate through primary fuel distribution system 500
may be higher.

Secondary branch 512 has end 514 and end 518. End 514 of
secondary branch 512 is connected to primary branch 426 at
location 515 downstream of primary valve 412 and upstream
of opening 516. End 518 of secondary branch 512 is con-
nected to primary branch 426 at location 519 downstream of
opening 516. In this manner, secondary branch 512 of sec-
ondary fuel distribution system 502 rejoins the fuel flow for
primary fuel distribution system 500.

In these examples, downstream refers to a position in a
direction of the flow of fuel. Upstream refers to a position in
a direction against the flow of fuel. For example, a location
downstream of primary valve 412 is a location away from
primary valve 412 in the direction of fuel flow, and a location
upstream of opening 516 is a location away from opening 516
in a direction against the fuel flow.

Secondary valve 520 provides an additional capability to
regulate the fuel flow in secondary fuel distribution system
502. In this illustrative example, secondary valve 520 takes
the form of a shutoff valve. Secondary valve 520 may have
opening 521 associated with secondary valve 520. Opening
521 may be closed in an off state for secondary valve 520 and
open in an on state for secondary valve 520. Of course, other
types of valves may be used for secondary valve 520, depend-
ing on the particular implementation. In other advantageous
embodiments, opening 521 may be sized to achieve specific
flow rate characteristics through secondary branch 512 apart
from the open and closed states of secondary valve 520.

With this configuration in refueling system 407, two-stage
refueling may be performed in center fuel tank 404. The first
stage may be performed at a first rate of refueling. In the first
stage, primary valve 412 may allow distribution of fuel at the
first refueling rate through primary fuel distribution network
500 and secondary fuel distribution network 502. Both pri-
mary valve 412 and secondary valve 520 are open in the first
stage. As a selected condition is encountered, secondary valve
520 may be closed to cut off refueling in secondary branch
512 and secondary fuel distribution system 502 in the second
stage of refueling. The selected condition may be, for
example, without limitation, a selected pressure, a fuel level,
a rate of fuel flow, a time interval, and/or some other condi-
tion.

In this illustrative example, secondary branch 512 con-
nected to primary branch 426 provides for a higher refueling
rate into center fuel tank 404 when secondary valve 520 is
open as compared to when secondary valve 520 is closed.

In these illustrative examples, secondary valve 520 is con-
trolled by control system 522. Control system 522 comprises
float operated fuel level control valve 524 and flow line 526.
In this manner, secondary valve 520 is controlled indepen-
dently from primary valve 412. When a selected amount of
fuel is present within center fuel tank 404, float operated fuel
level control valve 524 may close and allow fuel flow through
flow line 526 to back up, pressurizing flow line 526.

This pressurization of flow line 526 may, in turn, pressurize
secondary valve 520. In particular, in these examples, pres-
surization of flow line 526 may pressurize a diaphragm cham-
ber in secondary valve 520. The pressurization of the dia-
phragm chamber in secondary valve 520 causes secondary
valve 520 to close, thereby cutting off the distribution of fuel
by secondary fuel distribution system 502 in this illustrative
example.

By cutting off fuel flow through secondary fuel distribution
system 502, the overall refueling rate of refueling system 407
may be reduced. This level of fuel at which float operated fuel



US 9,108,738 B1

13

level control valve 524 closes may be selected as a level that
prevents venting of fuel through vent system 528 when sec-
ondary valve 520 is open. In other advantageous embodi-
ments, secondary valve 520 may take the form of a valve that
reduces the rate of fuel flow through secondary fuel distribu-
tion system 502 when a selected condition occurs. Venting
system 528 is one example of one implementation for venting
system 335 in FIG. 3.

Turning now to FIG. 6, a cross-sectional top view of a
portion of a tank and a refueling system in a wing is depicted
in accordance with an advantageous embodiment. In this
illustrative example, secondary fuel distribution system 600
includes secondary branch 602, secondary valve 604 associ-
ated with secondary branch 602, branch 606, and branch 608.
Branch 606 and branch 608 are connected to and extend from
secondary branch 602 downstream of secondary valve 604.

Secondary branch 602 has end 610 connected to primary
branch 426 in location 515 downstream from primary valve
412 and upstream from opening 516. Secondary valve 604 is
in the form of a shutoff valve in this illustrative example.
Secondary valve 604 may have opening 605 associated with
secondary valve 604. Opening 605 may be closed in an off
state for secondary valve 604 and open in an on state for
secondary valve 604. In other advantageous embodiments,
opening 605 may be selected to achieve specific flow rate
performance through secondary branch 602 apart from the
open and closed states of secondary valve 604.

Secondary valve 604 is controlled by control system 612,
which comprises float operated fuel level control valve 614
and flow line 616. Secondary valve 604 is independently
controlled from primary valve 412. In this illustrative
example, secondary fuel distribution system 600 does not
rejoin primary fuel distribution system 500. Instead, second-
ary fuel distribution system 600 directly delivers fuel to cen-
ter fuel tank 404 through branches 606 and 608 and end 618
of secondary branch 602. In other words, secondary fuel
distribution system 600 delivers fuel to center fuel tank 404
separately from primary fuel distribution system 500.

Turning now to FIG. 7, a cross-sectional top view of a
portion of a fuel tank and a refueling system in a wing is
depicted in accordance with an advantageous embodiment. In
this illustrative example, secondary fuel distribution system
700 comprises secondary branch 702, branch 704, branch
706, and secondary valve 708. Secondary valve 708 is asso-
ciated with secondary branch 702.

Secondary branch 702 has end 710 connected to location
515 of primary branch 426 downstream from primary valve
412 and upstream from opening 516. Secondary fuel distri-
bution system 700 directly delivers fuel to center fuel tank
404 through branches 704 and 706 and end 711 of secondary
branch 702.

In this illustrative example, secondary valve 708 is a shut-
off valve with opening 709 associated with secondary valve
708. Secondary valve 708 is controlled by control system
713. Control system 713 comprises float operated fuel level
control valve 712 and float operated fuel level control valve
714 connected in series with flow line 716. Flow line 716 is
connected to secondary valve 708 and controls the opening
and closing of secondary valve 708. In other advantageous
embodiments, flow line 716 may connect to other valves to
permit control of the distribution of fuel in a different part of
the aircraft through float operated fuel level control valves
712 and 714 in control system 713.

With reference next to F1G. 8, a cross-sectional top view of
a portion of a fuel tank and a refueling system in a wing is
depicted in accordance with an advantageous embodiment. In
this example, secondary fuel distribution system 802 includes
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secondary branch 800 and secondary valve 804. Secondary
branch 800 has end 806 connected to location 515 of primary
branch 426 and end 807 connected to location 519 of primary
branch 426 in primary fuel distribution system 500.

In this illustrative example, secondary valve 804 is a pres-
sure-regulated valve that may have a variable opening or
variable restriction. Secondary valve 804 is controlled by
control system 808. Control system 808 comprises pressure
line 810, which is connected to secondary valve 804 and
manifold 420.

As the pressure changes in pressure line 810, secondary
valve 804 may change opening 812 for secondary valve 804
to a number of different sizes between a fully open position
and a closed position. For example, opening 812 for second-
ary valve 804 may have a fully open position at a lowest
expected fueling pressure and a fully closed position at the
maximum allowed fueling pressure.

When secondary valve 804 is in a fully closed position, fuel
may flow only through primary fuel distribution system 500
and may be restricted by opening 516 to protect against
exceeding tank pressure limits during overfill conditions.
When secondary valve 804 is in a fully open position, fuel
may flow through both primary fuel distribution system 500
and secondary fuel distribution system 802. In this case, the
overall refueling rate may be no higher than compared to
when fuel flows only through primary fuel distribution sys-
tem 500.

The various sizes for opening 812 of secondary valve 804
at pressures lower than the maximum allowed fueling pres-
sure offset the reduction in fuel flow rate through primary fuel
distribution system 500 at these lower pressures. In this man-
ner, secondary valve 804 allows fueling system 407 to
achieve, at low fueling pressure, overall refueling rates sub-
stantially equal to the higher overall refueling rates achieved
at the maximum allowed fueling pressure.

With reference now to FIG. 9, a cross-sectional top view of
a portion of a fuel tank and a refueling system in a wing is
depicted in accordance with an advantageous embodiment. In
this illustrative example, secondary valve 900 is associated
with primary branch 426 in primary fuel distribution system
500. Secondary valve 900 is a pressure-regulated valve com-
prising a variable opening. Secondary valve 900 is operated
using control system 902. Control system 902 comprises
pressure line 904 that is connected to manifold 420 in fueling
system 407. Additionally, pressure line 904 is connected to
secondary valve 900.

In these illustrative examples, opening 906 of secondary
valve 900 may replace opening 516 in FIGS. 5-8. Further,
secondary valve 900 may be at location 905 downstream of
primary valve 412 in primary branch 426.

Secondary valve 900 may not have a fully closed state and
may always have opening 906 in an open position of a vari-
able size or restriction. Secondary valve 900 is most restric-
tive with a smaller size for opening 906 at the maximum
allowed fueling pressure. Secondary valve 900 is least restric-
tive with a larger size for opening 906 at the lowest expected
fueling pressure. In these examples, the size of opening 906
for secondary valve 900 may vary approximately linearly
between the lowest expected fueling pressure and the maxi-
mum allowed pressure. In this manner, secondary valve 900
allows fueling system 407 to achieve overall refueling rates
substantially equal to the higher overall refueling rates
achieved at the maximum allowed fueling pressure, while
using lower refueling pressures.

Turning now to FIG. 10, a cross-sectional top view of a
portion of a fuel tank and a refueling system in a wing is
depicted in accordance with an advantageous embodiment. In
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this advantageous embodiment, secondary valve 1000 is
located at location 905 in primary branch 426 in primary fuel
distribution system 500.

Secondary valve 1000 is controlled by control system
1002. Control system 1002 comprises float operated control
valve 1004 and flow line 1006. As the fuel level increases to a
selected amount, float operated control valve 1004 allows fuel
to back up in flow line 1006, pressurizing flow line 1006. The
pressurization of flow line 1006 causes secondary valve 1000
to change the size of opening 1008 of secondary valve 1000.

In this illustrative example, opening 1008 of secondary
valve 1000 may take the place of opening 516 in FIGS. 5-8.
Secondary valve 1000 allows for regulation of the refueling
rate independent of primary valve 412. In these examples,
secondary valve 1000 has two states. One state is maximum
restriction with the smallest size for opening 1008 to protect
against overfill conditions. The second state is minimum
restriction with the largest size for opening 1008 to provide
the desired refueling flow rates. The desired refueling rate
may be selected based on any number of conditions.

Turning now to FIG. 11, a cross-sectional top view of a
portion of a fuel tank with a refueling system in a wing is
depicted in accordance with an advantageous embodiment. In
this illustrative example, primary branch 1100 is a branch in
primary fuel distribution system 1101 connected to manifold
420. Primary fuel distribution system 1101 and primary
branch 1100 provide fuel flow in addition to primary fuel
distribution system 500 in refueling system 407. Primary fuel
distribution system 1101 may be parallel to primary fuel
distribution system 500.

In this example, primary valve 1102 is associated with
primary branch 1100. Further, in some advantageous embodi-
ments, primary branch 1100 may be part of a parallel primary
fuel distribution system with a number of branches (not
shown) connected to primary branch 1100 that distribute fuel
to center fuel tank 404. In this illustrative example, primary
valve 1102 may take the form of a shutoff valve. This valve
may allow for a higher level of fuel to flow from manifold 420
to center fuel tank 404 as compared to primary valve 412
alone.

Primary valve 1102, in this illustrative example, receives
control input from both shared and independent sources. Pri-
mary valve 1102 is controlled independently from primary
valve 412 using control system 1106. This independent con-
trol cuts off flow through primary branch 1100 at a level that
prevents vent overfill at a high flow rate. Control system 1106
includes float operated control valve 1108 and flow line 1110.
Flow line 1110 connects float operated fuel level control
valve 1108 to primary valve 1102.

Further, in this illustrative example, primary valve 1102
and primary valve 412 may also be controlled by an addi-
tional control system (not shown). This control system may
provide fuel shutoff capabilities at fuel levels below the full
capacity of the fuel tanks. This separate control system allows
partial refueling of fuel tanks and is necessary because pri-
mary branch 1100 is connected directly to manifold 420 and
not downstream of primary valve 412.

The different configurations for refueling system 407 in
FIGS. 5-11 provide a capability to refuel an aircraft faster
than currently available refueling systems. One or more of the
configurations provide a capability to refuel an aircraft with a
plurality of stages. For example, two-stage refueling may be
performed in center fuel tank 404. The first stage may be
performed using a higher rate of refueling as compared to the
second stage. The configuration of refueling system 407 can
provide a faster distribution of fuel as compared to currently
used refueling systems. Also, the use of valves that are inde-
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pendently controlled can provide a capability to provide dif-
ferent refueling rates in which the rates are reduced as the fuel
tanks fill up.

The illustrations of the fuel distribution systems in FIGS.
5-11 are example implementations for refueling environment
300 in some advantageous embodiments and are not meant to
imply physical or architectural limitations to the manner in
which different advantageous embodiments may be imple-
mented. Other components in addition to and/or in place of
the ones illustrated may be used. Some components may be
unnecessary in some advantageous embodiments. Also, the
blocks are presented to illustrate some functional compo-
nents. One or more of these blocks may be combined and/or
divided into different blocks when implemented in different
advantageous embodiments.

For example, in some advantageous embodiments, addi-
tional valves may be present within the primary and/or sec-
ondary fuel distribution systems. These valves also may be
independently controlled to maximize or increase the rate at
which fuel may be placed into left fuel tank 402, center fuel
tank 404, and right fuel tank 406. In yet other advantageous
embodiments, other numbers of fuel tanks may be present. In
still other advantageous embodiments, two fuel tanks may be
present or a single fuel tank may be present.

Further, in yet other advantageous embodiments, other
types of control systems may beused. For example, instead of
afloat operated control valve and a flow line, a sensor attached
to an electrical or optical cable may be used, depending onthe
implementation.

Turning now to FIG. 12, a flowchart of a process for per-
forming a ground refueling operation is depicted in accor-
dance with an advantageous embodiment. The process illus-
trated in FIG. 12 may be implemented using a refueling
system such as, for example, refueling system 310 in FIG. 3.

The process begins by connecting a fuel delivery system to
the aircraft refueling system (operation 1200). An operator
may use a fuel gauging system to input a desired fuel amount
or, alternatively, may choose to monitor fuel delivery on a
ground fuel flow meter. The process then sends fuel into the
refueling system connected to a number of tanks at a first rate
(operation 1202). This first rate is an overall refueling rate for
the refueling system. The refueling system comprises a mani-
fold, branches capable of distributing the fuel into the number
of fuel tanks, a primary valve associated with a primary
branch in the branches, and a secondary valve associated with
a secondary branch in the branches. The primary valve con-
trols distribution of fuel through at least a portion of the
branches. The primary valve and the secondary valve are
independently controlled to change the distribution of fuel
through the branches into the number of fuel tanks. The
secondary valve controls distribution of fuel through another
portion of the branches. This other portion of the branches
may include the portion of branches controlled by the primary
valve.

The first rate is lowered to a second rate of fuel distribution
using the secondary valve in response to a number of condi-
tions occurring (operation 1204). This number of conditions
may be at least one of a fuel level, a fuel flow rate, a pressure,
and/or some other suitable condition.

The refueling completes after a desired amount of fuel has
been placed in the number of fuel tanks (operation 1206).
After the refueling is complete, the fuel delivery system is
detached from the aircraft refueling system (operation 1208),
with the process terminating thereafter.

The flowcharts and block diagrams in the different
depicted embodiments illustrate the architecture, functional-
ity, and operation of some possible implementations of appa-
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ratus and methods in different advantageous embodiments. In
this regard, each block in the flowchart or block diagrams may
represent a module, segment, function, and/or a portion of an
operation or step. In some alternative implementations, the
function or functions noted in the blocks may occur out of the
order noted in the figures. For example, in some cases, two
blocks shown in succession may be executed substantially
concurrently, or the blocks may sometimes be executed in the
reverse order, depending upon the functionality involved.

In this manner, the different advantageous embodiments
provide a method and apparatus for refueling a vehicle. In
these examples, the apparatus may include a refueling system
for a number of fuel tanks in which the refueling system has
branches capable of distributing fuel into the number of fuel
tanks. A first valve is associated with a first branch in the
branches. A second valve is associated with a second branch
in the branches. The first valve and the second valve are
independently controlled to change a distribution of fuel
through the branches into the number of fuel tanks.

The description of the different advantageous embodi-
ments has been presented for purposes of illustration and
description and is not intended to be exhaustive or limited to
the embodiments in the form disclosed. Many modifications
and variations will be apparent to those of ordinary skill in the
art. For example, the different advantageous embodiments
are described with respect to a vehicle in the form of an
aircraft. In other advantageous embodiments, the refueling
system may be implemented in other types of vehicles. For
example, the refueling system, in these examples, may be
implemented in a spacecraft, a space shuttle, a submarine,
and/or some other suitable type of vehicle.

Further, different advantageous embodiments may provide
different advantages as compared to other advantageous
embodiments. While one or more of the embodiments may
provide advantages in reduction of fueling time, one or more
of the other embodiments may be more advantageous with
respect to weight, cost, ease of assembly, impact to structure,
and/or other factors. The embodiment or embodiments
selected are chosen and described in order to best explain the
principles of the embodiments, the practical application, and
to enable others of ordinary skill in the art to understand the
disclosure for various embodiments with various modifica-
tions as are suited to the particular use contemplated.

What is claimed is:

1. An apparatus comprising:

anumber of fuel tanks, each fuel tank in the number of fuel
tanks comprising a number of branches;

arefueling system for the number of fuel tanks, wherein the
refueling system has a manifold configured to supply
fuel to the number of fuel tanks through the number of
branches, each of the number of branches comprising:

a primary branch in the number of branches, the primary
branch connected to the manifold at a first end of the
primary branch, a second end of the primary branch
providing fuel to a fuel tank in the number of fuel tanks;

aprimary valve associated with the primary branch down-
stream of the first end of the primary branch;

an orifice plate positioned in the primary branch down-
stream of the primary valve, the orifice plate sized for a
vent overfill condition at a maximum allowed fueling
pressure;

a secondary branch having a first end and a second end,
each end connected to the primary branch, wherein a
first end of the secondary branch is connected to the
primary branch in a location downstream from the pri-
mary valve and upstream from the orifice plate in the
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primary branch and the second end of the secondary
branch is positioned downstream from the orifice plate;
and

a secondary valve associated with the secondary branch,
between the first end and the second end of the second-
ary branch, wherein the primary valve and the secondary
valve are independently controlled, and wherein the sec-
ondary valve is downstream from the primary valve.

2. The apparatus of claim 1, wherein an opening in the
primary branch has a size equal to or smaller than a size of the
primary branch.

3. The apparatus of claim 1, wherein the primary valve and
the secondary valve are operated based on at least one of arate
of fuel flow, a fuel level, a time interval, and a pressure.

4. The apparatus of claim 1, wherein at least one of the
primary valve and the secondary valve is selected from one of
a shutoff valve and a variable opening valve.

5. The apparatus of claim 1, wherein the primary branch
comprises a primary distribution system and the secondary
branch comprises a secondary distribution system.

6. The apparatus of claim 1 further comprising:

a number of branches connected to the primary branch
downstream from the opening in the primary branch,
wherein the number of branches connected to the pri-
mary branch and the primary branch comprises a first
distribution system.

7. The apparatus of claim 1, wherein the secondary valve
has a variable opening capable of having a number of sizes
between a fully open position and a closed position.

8. The apparatus of claim 1, wherein the secondary valve is
operated based on at least one of a rate of fuel flow, a fuel
level, a time interval, and a pressure.

9. The apparatus of claim 8, wherein the secondary valve
has a variable opening capable of having a number of sizes
between a fully open position and a closed position in
response to at least one of the rate of fuel flow, the fuel level,
the time interval, and the pressure.

10. The apparatus of claim 1, wherein the secondary valve
is a shutoff valve.

11. The apparatus of claim 1, wherein the secondary valve
is connected to at least one of a fuel level sensor, a fuel flow
sensor, a timer, and a pressure sensor.

12. The apparatus of claim 1, wherein the refueling system
is located in a vehicle selected from one of an aircraft, a
spacecraft, a space shuttle, a ship, and a submarine.

13. The apparatus of claim 1, wherein the refueling system
is located in a storage vessel or tank.

14. The apparatus of claim 1, wherein the primary valve
and the secondary valve are associated with a first fuel tank in
the number of fuel tanks.

15. The apparatus of claim 1 further comprising:

a number of primary valves associated with a number of
primary branches, each primary branch in the number of
primary branches connected to the manifold; and

a number of secondary valves associated with a number of
secondary branches in the branches, wherein each sec-
ondary branch in the number of secondary branches is
connected to a corresponding primary branch in the
number of primary branches downstream from a corre-
sponding primary valve in the number of primary valves.

16. The apparatus of claim 15, wherein the number of
primary valves and the number of secondary valves are inde-
pendently controlled.

17. The apparatus of claim 15, wherein each primary valve
in the number of primary valves is associated with a corre-
sponding single fuel tank in the number of fuel tanks, but
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wherein each fuel tank in the number of fuel tanks is associ-
ated with one or more primary valves in the number of pri-
mary valves.

18. The apparatus of claim 15, wherein each primary valve
in the number of primary valves is independently controlled
to change a distribution of the fuel into a corresponding single
fuel tank in the number of fuel tanks, but wherein fuel flow to
each fuel tank in the number of fuel tanks is changed by one
or more primary valves in the number of primary valves.

19. The apparatus of claim 1, wherein the primary valve
and the secondary valve are independently controlled to
change a distribution of the fuel into a first fuel tank in the
number of fuel tanks.

20. The apparatus of claim 1, wherein the primary valve
controls fuel flow through the secondary branch.

21. The apparatus of claim 1 further comprising a first
controller and a second controller, the first controller config-
ured to control the primary valve and the second controller
configured to control the secondary valve, the first controller
controlling the primary valve independent of the second con-
troller controlling the secondary valve.

22. The apparatus of claim 1, wherein the primary valve
transitions between an open position and a closed position,
and the secondary valve transitions between an open position
and a closed position, and wherein the apparatus is configured
to provide a higher fueling rate to a fuel tank when the primary
valve and the secondary valve are open compared to when the
primary valve is open and the secondary valve is closed.

23. The apparatus of claim 1, further comprising a second
orifice plate in the secondary branch positioned downstream
of the secondary valve.
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